thickness.
Introduction
CAD (Computer-aided Diagnosis) has become one of main investigative subjects in medical imaging and diagnostic radiology. However, the performance level of output is still demanded to be heightened with automatic computer detection because of higher identification requirements than before (1) . Moreover, as one of the main components of image processes and computer vision, segmentation also shows its prosperous gesture in clinical diagnosis. For instance, Aslan et al. (2, 3) presented a 3D (5, 6) presented a segmentation method to the whole vertebrae with syndesmophytes utilizing a 3D multi-scale cascade of successive level sets.
They sought out seed placement manually, and validated results based on synthetic and real data. Ibanez et al. (7) implemented this technique with the open library ITK functions. In addition, updated methods have been proposed to extract ventricle, heart, spine and other organs of human bodies (8) (9) (10) , and the references. without unified discipline and the complexity of the fine structures (11) .
In this paper, an automatic method to segment vertebrae and transverse processes from CT images is developed. What is different from other methods already proposed is that we not only targets, but also extract them from original images and display them in different background with black color. 
Methods
Overall flow chart about main steps of segmentation is constructed (see Fig.1 ). Every vital part, enriched by corresponding knowledge, will be illustrated with intermediate results.
Initial extraction of spine
Spinal region, which is surrounded by other organs of patient's anocoelia, should be switched from global scale image ( Fig.2 (a) ) into smaller square with 147*150 mm 2 ( Fig.2 (b) ) after input of original images. Because it can not only cut down time consumption of following steps, but also abate effects of some other organs that have the same gray with spine and could interfere further segmentation.
Binarization
We prefer to translate colorful and gray level images into binary images before conducting analyses to objects.
However, the certain reality is that omnipotent method to binary has not been doped out as the result of huge difference between changeable distribution rules of destiny. Chen (12) applied Otsu method to do binaziration for the global of plate numbers, as well as Liu. In this part, we plot the histogram of gray distribution in the smaller square aimed to grasp destiny features of spine and select suitable threshold for binarization. Also, we experiment sample images of patients with Otsu method to find out the threshold (See Fig.3 (a) ), but there are much noise appearing after binarization. So we present an adaptive method and get better binary results. As shown in Fig.3 (b) , we obtain clearer outline to perform further segmentation despite relative lesser noise still remain and some spinal regions disappear.
Detection of target boundaries
There are three targets that are left transverse process, image anamorphose caused by noise in previous images can be obviously ameliorated with a threshold. What need to pay attention to are that the threshold is different from the one that we set in binarization and we choose it by destiny features. After that, these objects will be labeled by different numbers with steps as follows:
Step1: Input binary results and check pixels in images with TV raster scan to mark them with identifier, and then distribute them into the same group.
Step2: If the gray of x0 (Fig.4 ) equals 0,return to Step1.
Step3: If x3 and x5 (Fig.4 ) are all marked with apoise numbers, label x0 with the smaller number in x3 and x5.
Step4: If scanning is not terminate, return to Step1.
Step5: Mark all pixels with the smallest number in the same region. 
Final segmentation of targets
No sooner is the application of object region recovery algorithm on the basis of boundaries that we acquire from 
Experimental Results
The cardinal goal of our experiment is segmentation of vertebrae and transverse processes. We segment objects with proposed method in 30 seconds successfully, and final results are shown in Fig.6 . Results with black background retain almost all intensity features in spite of ambiguous boundary problems of original CT images.
We evaluate the performance with true-positive in Eq.
(1) and false-positive in Eq. (2). The detailed descriptions of these two criteria are as follows.
where A, B, C and n are relative more precise segmented region , extracted region with our method, over-extracted region with our method, and pixel value respectively. TP represents the overlap degree of the extracted region against more accurate outcome while FP expresses the percentage of over-extracted region in our experiment.
As evaluation results (Table 1- of average FP for vertebrae are also relative progressive compared with experimental results of Aslan (2, 3) .
However, TP of transverse processes share relative lower percentage in case 1-5 of Fig.7 , as well as the contrary situation that case 7-10 own relative higher FP in Fig.8 . We attribute these defects to lack of partial information of boundaries due to erosion and dilation operations in part 2.3.
